The Optimisation of the Materials Properties for the Passenger Cars in Dependence on Defect Distribution at the Dynamic Loading  by Vavro, Ján et al.
 Procedia Engineering  136 ( 2016 )  114 – 119 
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of MMS 2015
doi: 10.1016/j.proeng.2016.01.183 
ScienceDirect
Available online at www.sciencedirect.com
The 20th International Conference: Machine Modeling and Simulations, MMS 2015 
The optimisation of the materials properties for the passenger cars 
in dependence on defect distribution at the dynamic loading 
Ján Vavroa,*, Ján Vavro, jr.a, Petra Kováčikováa, Radka Bezdedováa 
aAlexander Dubček University of Trenčín, Faculty of Industrial Technologies in Púchov, I. Krasku 491/30, 020 01 Púchov, Slovakia 
Abstract 
The paper deals with propagation of defects and separations in tyres which are under dynamic load. The initiation and distribution 
of the defect has the significant influence on lifetime and quality of the tyre when the tyre is in service as a part of the vehicle and 
avoidance to the initiation and distribution of the defect can improve the safety on the road. The analysis mentioned in previous 
projects enabled us to solve critical conditions and problems in relation to tyre casing while the investigation and solution included 
material selection, suitability of individual components proportion as well as the whole construction of the tyre casing. The main 
goal of this paper is closely connected with the presentation of the continual work. The reason for detection of internal separations 
in tyre casing is to avoid usage of those tyres, which already contain some internal separation about which we know that it could 
propagate during the movement of vehicles. This is closely connected with occurrence of tyre destruction and the main purpose is 
to prevent of its critical status and later vehicle crash and human life menace. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of MMS 2015.  
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1. Introduction 
The effort to improve the road-traffic safety leads to systematic enhancement of tyres. All producers endeavour to 
manufacture such tyres which would be reliable, safety, easily mountable as well as they would have long-term lifetime 
which is connected with wear-resistance. Moreover, the given tyres should be available from the aspect of cost and 
they should not have any negative influence on living environment. Enormous attention is also paid to occurrence of 
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various material defects and failures, such as separations, air pockets, bulge and so on. Mutual adhesion between 
particular materials of which the tyre is made is also seriously investigated [1, 2]. Detection of defects, failures, 
separations in a tyre casing can be done by several methods. Destructive as well as non-destructive methods can be 
used for investigation and they help us to find defects occurring in new, re-treaded as well as old and worn-down tyres. 
Real disadvantage in relation to destructive methods is closely connected with the fact that the given tyre casings 
which are tested by destructive method are not able to be used again and again for testing, because destructive testing 
means destruction or rupture of tested object and in our case it is the tyre casing. It means that destructive methods are 
difficult from these aspects: 
x from the economic aspect, because destructive testing means usage of high number of tested tyres, 
x from the aspect of preservation of specific homogeneity for sample.  
Therefore, there is the tendency to use non-destructive methods of testing in relation to tyre casings and the main 
contributions and advantages are: 
x analysis of tyre casing without its damage or rupture, 
x possibility to control the product and its following utilization for other purposes, 
x the given method can be used for the process of tyre development as well as during the changes relating to 
manufacturing, during the control of quality of tyre casings and moreover, the mentioned method of testing can be 
also used for fatigue tests, speed tests and lifetime tests 
x non-destructive analysis can be done again and again in relation to the same testing sample or product 
x according to the type of used non-destructive method, it is possible to detect product defects in the course of a few 
minutes. 
2. Structure of the tyre casing 
It is necessary to have knowledge relating to structure of the tyre casing because only this is the correct way for 
specification of areas where the separations are initiated and moreover, it is also much easier to specify the distribution 
of the mentioned separations. The structure of tyre casing [3] consists of:  
1) Tread – it is important part of tyre casing, because it is in the close or direct contact with the road surface. It is 
made of blend which has good adhesive properties and high wear resistance; 
2) Buffer linings – it absorbs circumferential stresses as well as side forces and it absorbs also impacts which occur 
during the contact with road. It consists of individual layers of rubberized cord while the given layers are laid in 
a criss-cross formation; 
3) Cord carcass of casing – it is the basic and supporting part which comprise of one or several linings from rubberized 
cord and they are laid around the bead plies; 
4) Filling linings – they are the shaped rubber profiles and they are used for better and smoother mutual junction of 
individual construction parts relating to tyre casing; 
5) Bead bundle – it reduces deformation in the area where there is the end of cord carcass and protection of bead; 
6) Sidewall – it protect side part against damage and weather conditions. It is made of blend which is resistant to flex 
cracking and cracking in common; 
7) Inner skim rubber – it is rubber lining which can be found on the internal side of tyre casing. It is used for protection 
of cord carcass and in the case of tubeless tyre casings, it avoid diffusion of air into the cord carcass of casing; 
8) Bead reinforcement – it can be fabric as well as steel; 
Fig. 1 shows the given parts mentioned hereinbefore. 
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Fig. 1. Structure of tyre casing: 1) tread; 2)buffer linings; 3) cord carcass; 4) Filling linings; 5) bead bundle; 6) Sidewall; 
7) Inner skim rubber; 8) bead reinforcement; 9) bead plies (a) first picture; (b) second picture. 
3. Process of measurement on non-destructive analyser 
Non-destructive analyser enables us to recognize tyre structure defects quickly and easily – it is connected with 
closed separations (Fig. 2), the extension of which we will observe by the dynamic test.  
Typical arrangement of the tyre control with help of the simple cycle for tyre impurity finding is in the Fig. 3. 
   
    Fig. 2. Separation displayed on monitor.         Fig. 3. Testing assembly by the simple cycle. 
For observation of extension of the tyre separations, the specific tyre was selected and as it can be seen in Fig. 4, the 
separations in the shoulder area as well as crown area were found by the help of the ITT-1 testing analyser. After 
20 hours of the dynamic test, there were only small changes in separations extension, therefore we introduce the 
display only after 200 hours of the dynamic test (Fig. 5) [4–6]. 
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Fig. 4. First measurement before dynamic test. 
 
Fig. 5. 11th measurement after 200 hours of the dynamic test. 
4. Summary 
On the basis of individual tyre figures it can be concluded that defects and separations on the tyre periphery are 
propagated and they join after dynamic loading. In Fig. 5, separations created almost around the whole periphery can 
be observed. Separations in the crown of the tyre casing were not detected after 10 000 km of running. After this 
detection by means of the ITT-1 machine, we cut the tyre and studied it for specification of separations which were 
seen in the individual scans. The occurrence of separations was confirmed, while small separations were detected for 
both shoulders in the end area in relation to the buffer lining and these separations were propagated around the whole 
tyre periphery – see Fig. 6 and 7. 
118   Ján Vavro et al. /  Procedia Engineering  136 ( 2016 )  114 – 119 
  
 
  
  Fig. 6. Tyre section after 100 hours of dynamic testing .    Fig. 7. Tyre section after 200 hours of dynamic testing. 
 
Fig. 8. Variants of tyres – comparison. 
 
 
0
2
4
6
8
10
12
14
16
 20 h  40 h  60 h  80 h  100 h
%
 
o
f d
ef
ec
t a
re
a
hour efficiency
V001 V002 V003 V004 V005 V006
V007 V008 V009 V011 V010 V012
119 Ján Vavro et al. /  Procedia Engineering  136 ( 2016 )  114 – 119 
The presented graph (Fig. 8) shows that: 
x tyre no. 10, variant no. 11 had the smallest area of defects in the shoulder area after 40 hours, 
x tyre no. 12, variant no. 12 had the smallest area of defects in the bead area after 40 hours, 
x tyre no. 10, variant no. 11 had the smallest area of defects in overall tyre area after 40 hours. 
Tyres no. 10 and 12 had the best performance and tyre no.10 as well as no. 11 showed the best results regarding 
the percentage of defects. This tyre was recommended to developers as the best one in relation to the all tested variants 
and it was implemented into practice. Bead area of tyre no. 12 was also recommended because there was the best 
percentage ratio with the reference to defects in this area. 
Taking individual variants of tyres into account, the mutual comparison of tyres, which were made of different 
rubber blends, was carried out, while the dependence on the defect area (measured in mm2) represented the crucial 
factor in relation to comparison. The given comparison can be seen in Fig. 9.  
 
Fig. 9. Mutual comparison of tyres made of different rubber blends. 
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